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Abstract
In this paper, we describe a theoretical keyboard that generates energy by converting individual
key presses into an electrical current via electromagnetic induction, and calculate the amount of
energy produced on average to be 6.4× 10−7 J per special topics report typed with the keyboard.
We then discuss the efficiency of such a device, along with suggesting potential improvements to
the proposed design.
Introduction
The average character count for a paper in this
journal (calculated by taking an average of all of
the character counts of papers in Volume 17) is
5,730 characters including spaces.
This means, on average, there are 5,730 key
presses in an average length report. The question
we aim to answer in this paper is, if we could har-
ness the energy used to press these keys via elec-
tromagnetic induction in a theoretical specialised
keyboard, how much energy would it generate
and would it be worthwhile to build?
Theory
The theoretical keyboard in question would
have a magnet and a coil of 26 gauge copper
wire underneath each key-cap as shown in Fig.
1. When a key is pressed down or released, the
magnet would induce a current in the coil which
would be passed through a diode, so that only
a current flowing in one direction needs to be
considered. The electrical energy would then be
collected in a battery or other such power storage
device.
The coil shown in Fig. 1 would be an 11 mm
Figure 1: A visualisation of how an individual key on
the theoretical keyboard would be constructed. The di-
mensions shown are for the key-cap, which would house
the coil (shown in orange here). Base images of the key-
cap can be found at [1].
diameter coil of 5 thin turns of copper wire, thus
allowing it to fit inside the key-cap with dimen-
sions stated in figure 1. The strength of the
magnet would be 0.001 T, which is the same as
a standard fridge magnet [2]. This is because
a stronger magnet could cause unwanted dam-
age or interference in nearby computer hardware.
We will also assume that the time taken to press
a key down is equal to the time taken to release a
key and have it return to its rest position, which
we measured to be 0.05 s.
With these values defined, we calculated the
amount of electrical energy generated by this sys-
tem from a single key press. We start from a
re-arrangement of Faraday’s Law:
|V | = NA(∆B/∆t) (1)
where A is the circular area enclosed by the
coil from the top down view in Fig. 1, and the
other symbols have their usual meanings. Using
this, we calculated the voltage generated by a
single key movement to be 9.5 µV.
To calculate the power that this voltage could
supply through the copper wire, we first cal-
culated the resistance of the copper wire using
R = ρdwire/a. The resistivity (ρ) of copper is
1.9×10−8 Ωm [3], the cross sectional area of the
wire (a) was calculated from the wire’s diameter
[3] to be 1.4×10−7 m2 and the total length of the
wire (dwire) is the length of wire in the coil plus
the average distance between a key and the end
of the keyboard, which we measured to be 120
mm. This resistance was calculated to be 0.040
Ω, which we then used in the power equation;
P = V 2/R to obtain a value of 2.2× 10−9 W.
Finally, we found the energy supplied by one
key movement by multiplying this value of power
by ∆t from earlier (0.05 s), which we found to
be 1.1× 10−10 J.
Analysis
Given the average character count detailed in
the introduction of this paper, the theoretical
energy output of the keyboard after typing one
report is 6.4×10−7 J. To determine the efficiency
of the keyboard, we then calculated an estimate
for the mechanical energy expended by a person
typing a report. Using W = Fdkey, where W
is the energy expended per keystroke, F is the
force required to press a key (12.9 N [4]), and
dkey is the distance the key is pushed in which
we find to be 4 mm.
This would mean that the energy expended by
an author in one keystroke is 0.052 J, leading to
a total of 300 J being expended to type out a
report. This means that the proposed theoreti-
cal keyboard is wildly inefficient, converting only
2.1×10−7% of the total energy into electrical en-
ergy. There are several ways you could make the
keyboard more efficient, such as using a material
with a lower resistivity in the wiring, e.g. silver.
Another way to make the keyboard more efficient
is to increase the number of turns on the coil un-
der the key-cap, although this is somewhat lim-
ited by the space under each key-cap. A final way
we could suggest to increase the efficiency of the
keyboard is to use a stronger magnet, however
this is not advised as it could cause problems
with the keyboard itself or nearby hardware.
Conclusion
In conclusion, the theoretical keyboard de-
tailed in this paper would be an inefficient way
to generate energy from the process of typing a
report, producing 6.4 × 10−7 J if built to the
specification described in this report, and ap-
proximately 300J if all the mechanical energy ex-
pended by a person typing an average length re-
port was converted successfully. There are ways
the design could be improved to maximise the
energy output, however compared to the energy
output and storage capabilities of modern de-
vices this wouldn’t be beneficial. Not such a
powerful paper after all!
References
[1] Accessed on 07/10/2019. [Online]. Available:
https://www.zfrontier.com/post/detail/7214
[2] Accessed on 07/10/2019. [Online]. Avail-
able: https://nationalmaglab.org/about/
maglab-dictionary/tesla
[3] Accessed on 20/10/2019. [Online]. Available:
https://tinyurl.com/y4rzqe5n
[4] J. T. Dennerlein, E. Diao, C. M. Jr, and
D. M. Rempel, “”in vivo finger flexor tendon
force while tapping on a keyswitch”, accessed
on 07/10/2019,” journal of orthopedic research,
vol. 17, pp. 178–184, 1999.
[5] Accessed on 07/10/2019. [Online]. Avail-
able: https://jeelabs.org/2010/12/27/easy-
electrons-electric-charge/
